A series of alkynylcarbyne(bipyridine)(dicarbonyl)trifluoroacetato complexes, [CF 3 
Introduction
The synthesis of the first transition metal carbyne complexes (alkylidyne complexes) was reported by [1] , that of the first transition metal alkynylcarbyne(tetracarbonyl) complexes (alkynylidyne complexes), X(CO) 4 W Å/C Ã/C Å/C Ã/Ph (X 0/Cl, Br, I), already 1 year later [2] . Ten years later, t-butylethynylcarbyne(dicarbonyl) complexes containing bi-and tridentate ligands, L 3 (CO) 2 M Å/C Å/C Ã/(t-Bu) (M 0/Mo, W), were described by Stone et al. [3] . The reactivity and the electronic properties of these alkynylcarbyne complexes were only marginally explored. Recently, we reported on the synthesis of several trimethylsilyl-and phenylethynylcarbyne complexes and on the influence of various electron-donating tripodal co-ligands on the spectroscopic properties of the new compounds [4] . When we extended our studies to alkynylcarbyne complexes with bidentate N-donor co-ligands an unusual dependence of the IR spectra of the complexes on the concentration was observed.
Results and discussion
The new alkynylcarbyne dicarbonyl complexes containing bipyridine or 4,4?-dimethyl-2,2?-bipyridine and trifluoroacetate as co-ligands were prepared by the reaction sequence shown in the Scheme 1. Addition of Li[C Å/C Ã/R] to [M(CO) 6 ] in THF or Et 2 O gave acyl metallates. Subsequent oxide abstraction with trifluoroacetic anhydride at (/80 8C [5] afforded trans-alkynylcarbyne(tetracarbonyl)trifluoroacetato complexes which were transformed into the alkynylcarbyne(dicarbonyl) complexes 1a,b Á/7a,b by addition of bipyridine and 4,4 ?-dimethyl-2,2 ?-bipyridine, respectively.
The new compounds 1a,b Á/7a,b are more stable than those alkynylcarbyne(tetracarbonyl) complexes of tungsten previously mentioned and are even more stable than the complexes [L 3 (CO) 2 W Å/C Ã/C Å/C Ã/R] (L 3 0/Tp, Tp?, Cp; R 0/SiMe 3 , Ph, n -Bu) [3, 4] . At (/30 8C, 1a,bÁ/ 7a,b can be stored under an inert gas atmosphere for prolonged periods of time without noticeable decomposition but they decompose in solution at room temperature within about 2Á/3 days. The complex 1a,bÁ/7a,b are insoluble in nonpolar solvents and only moderately soluble in polar solvents.
The IR spectra of the complexes 1a,bÁ/7a,b in tetrahydrofuran exhibit an unusual behavior: the n (CO) absorptions are concentration-dependent. The pattern of two n (CO) absorptions of nearly equal intensity (A 1 and B 1 ) as expected for cis -dicarbonyl transition metal complexes is observed only with very diluted solutions (in most cases concentration B/0.01 mol l (1 ) . When the concentration of the complexes is increased two additional n(CO) absorptions appear at lower wave numbers (A 1 1 and B 1 1 ). With increasing concentration of 1a,bÁ/ 7a,b the relative intensity of A 1 1 and B 1 1 n(CO) absorptions increases and that of A 1 and B 1 bands simultaneously decreases. Conversely, diluting concentrated solutions of 1a,b Á/7a,b leads to a decrease of the relative intensity of A 1 1 and B 1 1 and simultaneously to an increase of the intensity of A 1 and B 1 n (CO) absorptions until finally only the A 1 and B 1 absorptions are detectable. Similar effect are observed when solutions of the transchloro(dicarbonyl)(TMEDA)phenylethynylcarbyne complex (8a) [4] in diethyl ether or of the bdmpza(dicarbonyl)phenylethynylcarbyne complexes 9a in diethyl ether and 10a [4] in THF are concentrated or diluted. In all cases the additional bands are found at lower wave numbers. The change of the n (CO) absorptions when varying the concentration is shown in Fig. 1 with the example of [(CF 3 CO 2 )(bipy)(CO) 2 MoÅ/C Ã/C Å/C Ã/Ph] (2b).
In Fig. 2 these spectra are normalized to the same amount of absorbing molecules. Two isosbestic points, one at 2007 cm (1 and one at 1927 cm (1 , are observed. Obviously, the formation of a new species as indicated by the additional bands is reversible and concentrationdependent.
The positions of the additional bands A 1 1 and B 1 1 of 1a,bÁ/7a,b, 8a, 9a and 10a in general agree well with those of the n(CO) absorptions in the solid state (KBr pellets). All data are compiled in the Table 1 .
The difference in the position of the A 1 positions (DA 1 0/A 1 (/A 1 1 ) is significantly smaller than that in the B 1 positions (DB 1 0/B 1 (/B 1 1 ). In general both, DA 1 and DB 1 , are within error limits independent of the metal and of the substituent R, however, depend on the coligand. All dimethyl bipyridine substituted complexes (5a,bÁ/7a,b) exhibit smaller DA 1 and DB 1 values than the corresponding bipyridine substituted complexes 1a,bÁ/ 3a,b.
The second set of n(CO) absorptions is only observed when relatively high concentrations (with respect to the solubility) are employed and when the IR spectra are measured in solvents in which the complexes exhibit only poor solubility. For example, solutions of the complexes 8a and 9a in diethyl ether show four n(CO) bands but only two in THF.
These observations indicate that the second set of n (CO) absorptions is due to a reversible association of complex molecules before nucleation and subsequent precipitation. In concentrated solutions the molecules presumably associate in a way similar to that observed in the solid state. In accord with such an assumption solutions exhibiting strong n(CO) A 1 1 and B 1 1 absorptions also show light-scattering effects. From the position of the A 1 1 and B 1 1 bands at lower wave numbers it follows that the metal of the dimers are more electronrich than that of the monomers very likely caused by intermolecular interaction of alkynylcarbyne ligands. In concentrated solution, dimers or oligomers of 1a,b Á/7a,b and 8a Á/10a are probably in equilibrium with their monomers.
The structures of 8a and 10a have previously been established by X-ray structural analyses [4, 6] . Complex 8a crystallizes with one equivalent of dichloromethane. In the crystal of 8a dimeric units with a parallel head to tail arrangement of the phenylethynylcarbyne fragments are present (Fig. 3) . The 'dimers' are separated by dichloromethane molecules. Very likely in concentrated solution similar dimers are reversibly formed giving rise to the shift in the n(CO) absorptions. The extent of the electronic interaction of both molecules is among other factors determined by the distance within the 'dimers' thus readily explaining the smaller DA 1 and DB 1 values of dimethyl bipyridine substituted complexes compared with those of the bipyridine substituted complexes.
Complex 10a crystallizes with one equivalent of THF. Again the alkynylcarbyne fragments arrange in a parallel head-to-tail fashion. However, the separation of the 'dimers' is less pronounced than in 8a.
These crystal structures support the assumption that dimeric units (and at higher concentration presumably oligomeric units) are the source of the second set of n (CO) absorptions. Assuming formation of dimers,
2 ) for some complexes could be estimated from the IR spectra: K 0/27 (2a), 10 (2b), 28 (3a), and 36 (10a), all values determined at 0.020 mol l
(1 'total' concentration of complexes.
Recently the pressure tuning of IR and Raman spectra of some dicarbonyl carbyne complexes of the type 3 , LÃ/L 0/TMEDA, DPPE) was reported by Xu et al. [7] and a pressure induced phase-transition in the solid state of these compounds was observed. In the solid state the Cl(CO) 2 3 ] was found to exhibit four instead of the expected two n (CO) absorptions [7] . The appearance of multiple absorptions was ascribed to the solid-state packing of the molecules. However, to the best of our knowledge the formation of dimers (and oligomers) in solution when increasing the concentration and approaching saturation concentration has not been observed before in carbene and carbyne complex chemistry. Obviously, this association is the first step in the formation of crystals and in precipitation. The detection of associa- tion was facilitated by the rather poor solubility of the complexes 1 Á/10. Other carbyne complexes such as arylcarbyne complexes may exhibit similar effects, however, the usually high solubility of these complexes renders the detection of a similar association difficult. Good candidates for a detection are those complexes that incorporate solvent molecules into the solid state structure [8 Á/10].
Experimental

General
All operations were carried out under either nitrogen or argon by using conventional Schlenk techniques. Solvents were dried by refluxing over sodium-benzophenone ketyl or CaH 2 and were freshly distilled prior to use. The silica gel used for chromatography (J.T. Baker, silica gel for flash chromatography) was saturated with argon. The yields refer to analytically pure compounds and were not optimized. [Cl(tmeda)-(CO) 2 WÅ/C Ã/C Å/C Ã/Ph], [(bdmpza)(CO) 2 W Å/C Ã/C Å/C Ã/ Ph] and [(bdmpza)(CO) 2 W Å/C Ã/C Å/C Ã/SiMe 3 ] were prepared as described previously [4] . Trimethylsilylacetylene, p-tolylacetylene, 2,2?-bipyridine (Fluka), phenylacetylene (Merck), n-b utyllithium (Chemetall), tungsten hexacarbonyl, trifluoroacetic anhydride, t-butylacetylene, and 4,4?-dimethyl-2,2?-bipyridine (Aldrich) were commercial products and were used without further purification. IR: FTIR spectrophotometer, Bio-Rad. with pentane and pentane Á/CH 2 Cl 2 (3:1). The resulting orange to red product was then dried in vacuo.
2,2?-Bipyridyl(dicarbonyl)(trifluoroacetato)-(trimethylsilylpropynylidyne)tungsten (1a)
Yield : 
